The aim of this article is to introduce new hybrid iterative schemes, namely Jungck-Kirk-SP and Jungck-Kirk-CR iterative schemes, and prove convergence and stability results for these iterative schemes using certain quasi-contractive operators. Numerical examples showing the comparison of convergence rate and applications of newly introduced iterative schemes are also provided. The obtained results improve, generalize and extend the works of Olatinwo (Acta Math. Univ. Comen.
Introduction
In the recent years, fixed and common points of operators have been approximated by using different iterative schemes (see [-] ∀x, y ∈ X and some c ∈ [, ).
Note that (.) and (.) are independent of each other but more general than (.).
Hussain et al.
[] and Olatinwo [] , respectively, used the following more general contractive conditions than (.) to prove the stability and strong convergence results for various iterative schemes: There exists a ∈ [, ) and a monotone increasing function ϕ :
Recently, Bosede [] used the following more general contractive condition than (.) to prove the convergence results for the Jungck-Ishikawa iteration process:
If w = fx = gx for some x in X, then w is called a point of coincidence of f and g. A pair (f , g) is said to be weakly compatible if f and g commute at their coincidence points. The stability theory has extensively been studied by various authors [, , , , , , ] due to its increasing importance in computational mathematics, especially due to revolution in computer programming.
We use the following definition and lemmas to prove our results.
Definition . []
Let S, T : X → X be operators such that T(X) ⊆ S(X) and p = Sz = Tz, a point of coincidence of S and T. Let {Sx n } ∞ n= ⊂ X be the sequence generated by an iterative procedure
where x  ∈ X is the initial approximation and f is some function. Suppose {Sx n } ∞ n= converges to p. Let {Sy n } ∞ n= ⊂ X be an arbitrary sequence and set ε n = d(Sy n , f (T, y n )), n = , , . . . . Then the iterative procedure (.) is said to be (S, T)-stable or stable if and only if lim n→∞ ε n =  implies lim n→∞ Sy n = p. Definition . [, ] Let {u n } and {v n } be two iteration procedures that converge to the same fixed point p on a normed space X such that the error estimates u n -p ≤ a n http://www.fixedpointtheoryandapplications.com/content/2013/1/173 and v n -p ≤ b n , are available, where {a n } and {b n } are two sequences of positive numbers (converging to zero). If {a n } converges faster than {b n }, then we say that {u n } converges faster to p than {v n }.
Definition . [, ] Suppose that {a n } and {b n } are two real convergent sequences with limits a and b, respectively. Then {a n } is said to converge faster than {b n } if
the following properties:
Note that a comparison function always satisfies (i) 
Now, we define the Jungck-Kirk-SP and Jungck-Kirk-CR iterative schemes as follows:
where r, s and t are fixed integers. Then we define the Jungck-Kirk-SP iterative scheme as follows: 
where p is a point of coincidence of S, T, i.e., p = Sz = Tz and T i , ψ i denote the ith iterate of T and ψ, respectively.
The following example shows that (.) is more general than Jungck contraction (.).
It is clear that T and S satisfy (.) but not Jungck-contraction (.). If (S, T) are Kannan operators, then from (.)(ii) with i = , y = z (a coincidence point of S, T), we get
Hence every Kannan operator satisfies (.) with
In a similar manner, it can be shown that Chatterjea operators satisfy (.) with
Therefore, we conclude that generalized Zamfirescu operators satisfy (.). 
Moreover, (.) reduces to (.) as follows: Let y = z, then from (.), we have
Hence every mapping satisfying (.) becomes a mapping satisfying (.) with i = , 
Main results

Lemma
Similarly, we have the following estimates:
and
It follows from (.), (.) and (.) that
Thus, the Jungck-Kirk-SP iterative scheme converges strongly to p.
Next we prove that the Jungck-Kirk-SP iterative scheme is (S, T)-stable.
First, let lim n→∞ Sy n = p. Then, we show that lim n→∞ ε n =  as follows:
Conversely, we establish that lim n→∞ Sy n = p as follows:
Using again Lemma ., (.) yields lim n→∞ Sy n = p. Now, we prove p is the unique common fixed point of S and T provided S, T are weakly compatible. Let there exist another point of coincidence say p * . Then there exists q * ∈ X such that Sq * = Tq * = p * . But from (.), we have
Now, as S and T are weakly compatible and p = Tq = Sq, so Tp = TTq = TSq = STq and hence Tp = Sp. Therefore Tp is a point of coincidence of S, T and since the point of coincidence is unique, then p = Tp. Thus Tp = Sp = p and therefore p is the unique common fixed point of S and T.
Remark . Since the Jungck-Kirk-Mann iteration scheme is a special case of the JungckKirk-SP iteration scheme, the convergence and stability result similar to Theorem . also holds for the Jungck-Kirk-Mann scheme.
Theorem . Let (X, · ) be a normed linear space, let S, T : X → X be operators satisfying (.) such that T(X) ⊆ S(X). Assume that S(X) or T(X) is a complete subspace of X, ψ : R + → R + is a continuous sublinear comparison function and p is a point of coincidence of S and T. Then, for x  → X, the Jungck-Kirk-CR iteration process {Sx n } ∞ n= defined by (.) converges to p and is (S, T)-stable. Also, p will be the unique common fixed point of S, T provided S and T are weakly compatible.
Proof Using Jungck-Kirk-CR iterative scheme (.), we have
In a similar manner, we have the following estimates:
It follows from (.), (.) and (.) that
Then, obviously, being the linear combination of comparison functions,ψ is also a comparison function and hence (.) yields
Since k i= α n,i = , hence using Lemma ., (.) yields lim n→∞ Sx n = p. Thus, the Jungck-Kirk-CR iterative scheme converges strongly to p. Next we prove that the Jungck-Kirk-CR iterative scheme is (S, T)-stable.
lim n→∞ ε n = . We shall establish that lim n→∞ Sy n = p as follows:
Then using (.) and (.), we get
Using Lemma ., from (.) we obtain lim n→∞ Sy n = p. Conversely, let lim n→∞ Sy n = p. Then we shall show that lim n→∞ ε n =  as follows:
Using (.) and (.), we get
Lemma . implies that lim n→∞ ε n = . Thus, the Jungck-Kirk-CR iterative scheme is (S, T)-stable. The uniqueness of a common fixed point can be proved in the same lines as in Theorem ..
The following example shows the validity of our Theorems . and ..
. It is clear that T and S are weakly compatible operators satisfying (.) with a unique common fixed point .. Convergence of the Junck-Kirk-CR iterative scheme as well as the Junck-Kirk-SP iterative scheme to . is shown in Example .. Proof For a Jungck-type iterative scheme, we have the following estimates:
Results on direct comparison
Also, for Jungck-Kirk-type iterative schemes, we have the following estimates:
Using the above estimates, we have
Therefore, lim n→∞ p n+ p n = lim n→∞ δ -α n+ = δ < . So, by ratio test p n is convergent.
Hence lim n→∞ p n = , which further implies lim n→∞ JKM n+ -p JM n+ -p = , i.e., the JKM iterative scheme converges faster than the JM iterative scheme in view of Definition .. Now, since the estimates for JKI, JKN and JKSP are similar to that of JKM, also estimates of JI, JN and JSP are similar to that of JM, therefore using a very similar argument, it can be easily shown that JKI, JKN, JKSP iterative schemes converge faster than JI, JN, JSP iterative schemes.
Now we compare JCR and JKCR iterative schemes. From estimates of JCR and JKCR iterative schemes, we have
Therefore, in view of Berinde's Definition ., Jungck-Kirk-CR have better convergence rate as compared to the Jungck-CR iterative scheme.
Example . Let S, T and X be the same as in Example .. Then convergence speed comparison of Jungck-Kirk-type iterative schemes with corresponding Jungck-type iterative schemes is shown in Table  
, n > n  . It is clear that T and S are operators satisfying (.) with a unique common fixed point . Also, it is easy to see that Example . satisfies all the conditions of Theorems . and ..
Proof For JM, JI, JN, JCR, JSP, JKM, JKI, JKN, JKCR and JKSP, iterative schemes with initial approximation x  = , we have the following equations:
respectively. First we compare Jungck-Kirk-type iterative schemes with their corresponding Jungcktype iterative schemes.
For n  = , consider
It is easy to see that
Similarly,
Again, similarly,
Therefore, by Definition ., Jungck-Kirk-type iterative schemes converge faster than corresponding Jungck-type iterative schemes to the common fixed point  of T and S. Now, we compare Jungck-Kirk-type iterative schemes with each other. For n  = , we have
Similarly, for n  = ,
Also, for n  = ,
Similarly, for n  = ,
Hence, in view of Definition ., we observe that the decreasing order of Jungck-Kirktype iterative schemes is as follows:
JKSP, JKCR, JKN, JKI and JKM iterative scheme.
Applications
In this section, with the help of computer programs in C++, we explain how and why the newly introduced Jungck-Kirk-type iterative schemes can be applied to solve different types of problems. The outcome is listed in the form of Tables ,  
Goat problem
A farmer has a fenced circular pasture of radius a and wants to tie a goat to the fence with a rope of length b (see Figure  ) so as to allow the goat to graze half the pasture. How long should the rope be to accomplish this?
The length of the rope b must be longer than a and shorter than √ a, i.e., a < b < √ a. Using polar coordinates, we find the grazing area
We want this to equal half the pasture area, which is π a   , so we get the equation
Multiplying both sides by  a  and integrating, we get
After putting x = , α n, =  -α n, -α n, β n, =  -β n, -β n, and γ n, =  -γ n, -γ n, , the comparison of convergence of Jungck-Kirk-type iterative schemes to the common fixed point . of S, T, is listed in Table  .
Oscillating function 1/x 2
In order to solve this function by Jungck-type iterative schemes, we write it in the form Sx = Tx, where the functions T, S are defined on R + as Tx = /x  and Sx = x  , respectively.
By taking the initial approximation x  =  and α n = β n = γ n =   √ n+ , the obtained results are listed in Table . For detailed study, these programs are again executed after changing the parameters and some observations are made as given below. 
Observations
Open problem
It is still an open problem to compare Jungck-Kirk-type iterative schemes with each other in view of Rhoades Definition . and also to study the same using nonself contractive-type operators.
